Objectives: Work-related traumatic brain injuries (TBIs) are not well documented in the literature. Published studies mostly rely on worker databases that fail to provide clinically relevant information. Our objective is to describe the characteristics of hospitalized patients and their work-related TBI. Methods: We used the Québec provincial trauma and TBI program databases to identify all patients with a diagnosis of work-related TBI admitted to the Montreal General Hospital, a level 1 trauma center, between 2000 and 2014. Data from their medical records were extracted using a predetermined information sheet. Simple descriptive statistics (means and percentages) were used to summarize the data. Results: A total of 285 cases were analyzed. Workplace TBI patients were middle-aged (mean, 43.62 years), overwhelmingly male (male:female 18:1), mostly healthy, and had completed a high school level education. Most workers were from the construction industry; falling was the most common mechanism of injury. The majority of patients (76.8%) presented with a mild TBI; only a minority (14%) required neurosurgery. The most common finding on computed tomography was skull fracture. The median length of hospitalization was 7 days, after which most patients were discharged directly home. A total of 8.1% died of their injuries. Conclusions: Our study found that most hospitalized victims of work-related TBI had mild injury; however, some required neurosurgical intervention and a non-negligible proportion died of their injury. Improving fall prevention, accurately document helmet use and increasing the safety practice in the construction industry may help decrease work-related TBI burden.
Traumatic brain injury (TBI) can be defined as a head injury that leads to "an alteration of brain function, [presenting as] confusion, altered level of consciousness, seizure, coma or focal sensory or motor neurologic deficit." 1 Yearly incidence of TBI in the United States is estimated to be between 180 and 250 cases per 100,000 population, with patients more likely to be young children, young adults, or elderly. 1 Motor vehicle accidents and falls are the two most common mechanisms of injury leading to TBI. 1 TBI carries significant morbidity and mortality, and patients who survive can be left with permanent limitations and neurological deficits. 2 Workers who have sustained injury in the workplace form a distinct subgroup of TBI patients with different injuries resulting from high-energy processes and special hazards. 3 The yearly incidence is estimated at 19.8 per 100,000 workers with a mortality slightly >10%. 4, 5 Coleman 6 was one of the first to study TBI in the workplace. Workplace TBI cases occurring in Britain in 1981 and 1982 were analyzed using data from the Health and Safety Executive. A total of 19,548 cases were identified showing that the main industries in which they occurred were public administration and defence (including police officers and firemen but not the military), construction, mining, distributive trades, and professional and scientific services. The main injury mechanism recorded was being struck by an object. Among these cases, 190 died from their TBI, representing 21% of all work-related deaths for that period. Konda et al 7 looked at all emergency department visits for work-related TBI from 1998 to 2007 using the National Electronic Injury Surveillance System in 67 US hospitals. They found an annual rate of nonfatal work-related TBI of 4.3 per 10,000 full-time equivalent workers. The highest rate of nonfatal TBI was seen in males and younger workers. The main cause of TBI in younger workers was contact with objects (struck by building material) and equipment, whereas the main source of TBI for older workers was falls.
Kim et al reviewed data from the Ontario Trauma Registry to compare workplace TBI with nonworkplace TBIs occurring between 1993 and 2001. 5 They identified 12,991 cases, of which 950 (7.3%) were work-related. In comparison with nonworkplace TBI, the former cases were found to be slightly older (average age, 39.8 years vs 35.6 years), more likely to be male (male:female ratio of 16.1:1 vs 2.8:1), and less likely to have psychiatric comorbidity (6.3% vs 12.4%). The main industries in which workplace TBI occurred were construction, manufacturing, sales and services, primary industry, and transportation. Unlike Coleman, 6 Kim et al 5 found that the main mechanism of injury was falls (45.3%), followed by motor vehicle accidents (20.7%). They also observed that the number of motor vehicle accidents causing workplace TBI decreased with increasing worker age category. A recent systematic review found that younger and older workers were more at risk of TBI. The main cause of TBI was falls, and the workplaces more at risk were construction industries and primary industries (e.g. agriculture, forestry, mining). 8 Given that the construction industry presents very high-energy processes and was previously identified as a major source of workplace TBI, 5, 6 it is relevant to review the risks in this specific industry. Colantonio et al 9 reviewed data from the Ontario Workplace Safety and Insurance Board from 2004 and 2005 for workplace TBI patients in the construction industry. They identified 218 cases, and the main mechanism of injury was falls (49%). Almost half of all construction-related TBIs occurred in buildings under construction (48.2%). The peak of construction-related TBI incidents was just before noon; this peak was even more pronounced in younger workers (younger vs older than age 45 years). The authors argued that the specific sleep cycle of younger workers may lead them to feel more tired in the late morning. In addition, peaks in TBI occurred in July and August and then in October, hypothesized as the busiest months for construction in Ontario. Janicak 10 examined fatalities from construction-related TBI. Inspection data carried out by the US Occupational Safety and Health Administration on work-related fatalities from 1994 to 1996 were reviewed. Workplace TBI fatalities represented 27% of all work-related fatalities (876 of 3202 cases), of which 39% were related to the construction industry. Falls represented the main mechanism of injury in construction-related TBI (69% of cases) and the subcategory of heavy construction was related to the most workplace TBI deaths. These data are consistent with that of Colantonio et al. 9 More recently, Konda et al 11 also reviewed cases of fatal construction-related TBIs. Data obtained from the Bureau of Labor Statistics Census of Fatal Occupational Injuries from 2003 to 2010 showed an annual rate of fatal constructionrelated TBI of 2.6 per 100,000 full-time equivalent workers. They found that 25% of deaths related to construction work were due to TBI. Also, 24% of work-related fatal TBIs were found in the construction industry. The main mechanism of injury was falls.
Older workers (>65 years) were at higher risk of death than younger workers.
Most of the literature is based on databases not permitting the analysis of clinically relevant data such as clinical status on arrival, need for surgery, complications, and neurological outcome. To our knowledge, no study to date has described workplace TBI using workers' stay and course in hospital. There is also no study on their clinical neurological outcome other than survival and death. We believe that examining the in-hospital course of workplace TBI patients would provide insight into their condition and possibly lead to identification of preventable risk factors.
A better understanding of TBI is justified on other factors. For instance, Pagulayan et al 12 found that TBI patients report decreased quality of life as well as a plateau in improvement around 6 months after the injury. Moreover, Langlois et al 13 report that TBI leads to approximately 235,000 hospital admissions yearly in the United States and that the estimated yearly cost, including acute and chronic medical care and lost productivity, is approximately $60 billion. In addition, Wrona 14 found that 31.3% of TBI patients end up with permanent disability, and this greatly reduces their ability to return to work. Finally, work-related TBI was found to account for more than one-fifth (22%) of all occupational fatalities in the United States by Tiesman et al. 15 Taken together, these factors, as well as the lack of information on workplace TBI in the literature, justify further inquiry into the problem, in particular with the goal of characterizing and describing this group, which could increase knowledge on the consequences of TBI in workers.
METHODS
The project was approved by the ethics review board of the McGill University Health Centre.
The Montreal General Hospital (MGH), part of the McGill University Health Center, is one of only three adult tertiary (level 1) trauma centers serving the Province of Québec, Canada, which has a population of almost eight million people. In a first step, the MGH Traumatic Brain Injury Database and the Trauma Registry Database (a province-wide registry 16 ) were used to identify all patients admitted with a diagnosis of TBI between 2000 and 2014. The presence of a TBI, and whether work-related or not, is registered in the TBI Program database. Both the TBI database and the Trauma Registry Database are filled by personnel independent of the present study. There is also a systematic validation between the two databases every year. A TBI is considered work-related if the injury had occurred at the workplace and/or the injured worker was performing work duties. Patients were excluded if the TBI was not work-related, if there was no TBI (wrongly coded), and if their charts were incomplete or missing. A TBI diagnosis was retained when confirmed in the chart by a physician (either a neurosurgeon or a rehabilitation medicine physiatrist specializing in TBI). The diagnostic criteria for a mild TBI are those recommended by the World Health Organization Task Force on mild TBI. 17 The TBI could be the main diagnosis of admission or a secondary diagnosis (e.g. in the case of a polytrauma). Patients were also excluded if they had been admitted to an outside facility before their admission to the MGH (missing data on acute phase); however, patients initially seen in emergency departments (EDs) at outside facilities and quickly transferred to the MGH were included.
We then conducted a medical record review (paper chart, electronic medical records, and radiological data) and retrieved the following data: demographic data (age, gender), workplace and injury information (mechanism of injury), clinical status on arrival (Glasgow Coma Scale [GCS]), computed tomography (CT) head scan results, in-hospital course, status on discharge, and timing of injury (using arrival in ED.
We analyzed the data using IBM SPSS Statistics (version 23) software to obtain descriptive statistics such as means and proportions.
RESULTS
The databases identified 318 possible cases of work-related TBI. Of these, 285 cases met our inclusion criteria and these constituted our patient sample ( Fig. 1 shows details on the excluded cases).
Demographic Data
The average age was 43.62 years (range, 16-76 years). The male-to-female ratio was 18:1, with 94.7% (270) of patients being male. Level of education was available only for 185 (65%) cases. Of these, 7.6% (14) had an elementary level of education (0-6 years of schooling), 57.3% (106) a high school level (7-11 years) education, 24.3% (45) a college or professional degree level (12-13 years), and 10.8% (20) had a university level (14 or more years).
Health Information
Information about medical history was available for 281 of 285 cases. Of these, 50.9% (143) reported having current or a history of medical disease or condition; the most common were: 16% (45) cardiovascular disease, 7.8% (22) psychiatric illness. and 9.3 % (26) drug or alcohol abuse. Oral anticoagulation or antiplatelet medication was used by 7.4% (21) of the patients at the time of their injury.
Work Environment and Mechanism of Injury
The type of industry or work involved was available in 226 cases (79.2%) ( Table 1 ). Among these, the most common occupation was in construction and trades (42.5%), followed by vehicle drivers and operators (14.2%). The mechanism by which the head trauma occurred was clearly documented in 259 cases (90.8%) ( Table 2) . Most injuries were caused by falls (166 cases, 64.1%, with 123 falling from an elevation), followed by motor vehicle crashes (46 cases, 17.8%). We also examined the distribution of injury mechanisms by type of industry (Table 3 ). Most construction workers were injured by falls (78%, 75 cases). There was information on helmet use in 28 cases (15%) whereas helmet use was not applicable in 100 cases (35.1%, as in the case of truck drivers, for example). Only eight patients were recorded as having worn a helmet at the time of their head injury. Toxicology screening for alcohol or drug use at the time of injury was recorded only in 119 cases (41.8%). Of these, only 15 tested positive, with benzodiazepines being the most common type of drug (6/15 cases).
Timing of Injury
Timing of the work-related TBI was clearly documented for 190 patients (66.6%) who were directly brought to the level 1 Motor vehicle crash THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES trauma center ED from the scene of the accident. This information was not retained for 95 patients (33.3%) however who were first brought to peripheral hospitals and subsequently transferred to the trauma hospital. Among the former, a peak of arrivals occurred at 10:00 a.m., followed by a smaller peak from 2:00 to 4:00 p.m. (Fig. 2) . Work-related TBI occurred in an almost uniform distribution throughout the year, with the highest number occurring in August (34 cases, 11.4%) and the fewest in December (11 cases, 3.9%; Fig. 3 ).
Injury Information
All trauma patients who are assessed in the ED are given a value on the GCS. The GCS is a validated method to assess neurological status after a TBI. 18, 19 In our sample, 219 patients presented with a GCS of 13-15 (76.8%), 22 patients with a GCS of 9-12 (7.7%), and 44 with a GCS of 3-8 (15.4%).
Imaging findings
All patients admitted with a work-related TBI underwent CT scan of the head. A total of 205 patients had abnormal findings (71.9%), whereas 80 patients had no traumatic intracranial findings (28.1%). Of those with an abnormal CT scan, a skull fracture was found in 133 (64.9%), traumatic subarachnoid hemorrhage in 110 (53.7%), subdural hemorrhage in 109 (53.2%), brain contusions in 116 (56.6%), and epidural hemorrhage in 33 patients (16.1%). In fact, 150 patients had more than one finding on their CT scan (73.2% of those with findings).
Associated Injuries
TBI patients had other injuries in 72.6% of cases (207 patients). Amongst them, 50.7% had orthopedic injuries (105 cases), 31.4% intrathoracic injuries (65 cases), 30.9% maxillofacial injuries (64 cases), 27.1% spine injuries (56 cases), 18.4% ophthalmological injuries (38 cases), and 8.7 % intra-abdominal injuries (18 cases).
Treatment Required
One hundred cases (35.1%) required intubation as part of treatment of their injuries. Forty (14%) patients required cranial surgery, whereas 42 (14.7%) required intracranial insertion of a pressure-recording device (either an extra ventricular drain or a Codman intraparenchymal monitor) to monitor their intracranial pressure post-injury.
Hospital Course
The average total length of hospitalisation was of 13.77 days, with a median of 7 days (range, 1-146 days). The average length of stay in the intensive care unit was of 4.86 days, with a median of 1 day (range, 0-76 days). We found that 35.4% of patients suffered at least one complication during their admission (101 patients). Excluding death as a complication, the most common complications included infection in 59 patients and thrombosis in 19 patients. Twenty-three patients died during their hospitalization (8.1% of all patients). Construction/trades  75  18  3  0  0  0  96   Vehicle driver/operator  12  2  13  0  2  3  32   Retail/sales  14  3  7  0  0  2 
Outcome
The TBI Program team members perform a structured interview on every patient at the time of discharge to determine the Extended Glasgow Outcome Scale (GOSE) score. 20, 21 Although the GOSE is usually assessed at 3, 6, and 12 months after injury, patients in our series were assessed only before discharge (Table 4 ). GOSE information was available for 264 patients (92.6%) and showed that 12 patients had already reached a good recovery on discharge (score, 7; 4.5%); 202 patients still had moderate disability on discharge (scores, 5 and 6; 76.5%) and 27 patients still had severe disability (scores, 3 and 4; 10.2%). Finally, more than half of the patients were discharged home without any professional help (52.6%, 150 patients), whereas 25 patients were discharged home with outpatient rehabilitation (8.8%) and 75 patients were transferred to an inpatient rehabilitation centre (26.3%; see Table 5 for more detailed results).
DISCUSSION
Our report is the first to examine clinically relevant variables among patients with work-related TBI. Patients were middle-aged men, with a high school level of education, and the largest percentage worked in a heavy industry, such as construction. Fall was the most frequent cause of the injury. A majority presented to the ED with a good neurological status. Their hospital stay lasted a median of about 1 week and, for most, did not require surgical intervention. Close to three of four patients had a CT scan of the head showing a skull fracture and/or a brain contusion. Once discharged from the hospital, patients were most likely to return home. However, more than one-third of the patients required continued rehabilitation services after discharge and 1 in 12 died of their injuries. Finally, one-third also suffered from at least one medical complication during their hospitalization.
Intuitively, one would think that younger, less-experienced workers would tend to suffer more injuries, especially given that studies have shown that older workers generally have a better understanding of safety and perform more safely. 22, 23 One study 4 indeed found decreasing rates of work-related TBI with increasing age. Our patient population age, however, was more consistent with data previously reported in many studies, with a high incidence of TBI in older workers. 5, 6, 8, 24, 25 This suggests that fatal falls in older workers could be related to decreased musculoskeletal coordination and strength. 26 The very high male:female ratio found in our sample is comparable to other studies, 5 basically reflecting the gender ratio in heavy industries in Canada. 27 Although 16% reported cardiovascular disease, 7.4% reported the use of anticoagulant or antiplatelet medication, an important factor in TBI outcome. 28 This suggests that our sample population was relatively healthy, an implicit prerequisite for working, particularly in physically demanding jobs. 29 Reported mental health problems in this study and in others 5 suggested a low prevalence, at least in comparison with non-work-related TBI populations. 5 Toxicological screening was inconsistently performed and poorly recorded and therefore could be unreliable. Nevertheless, the reported prevalence of use was consistent with that in a recent report. 30 Working in construction, driving a vehicle, and being an operator were the most common occupations in our sample. This distribution is similar to what other authors reported. 8, 11, 25 Falling objects and projectiles were also frequent causes of injuries. Unfortunately, in the medical record, data were largely missing as to the wearing of a protective helmet.
More than three-quarters of injured workers presented with a GCS score compatible with a mild head injury (76.8%), which is consistent with data from large epidemiological studies on TBI from all causes. 1 Given that most non-work-related TBIs are caused by falls and motor vehicle crashes, 8 the consistency of neurological state between workers and all patients affected by TBI is not surprising.
The GCS threshold at which endotracheal intubation is usually considered necessary for airway protection is a score of 8 or lower. 31 Although 44 patients (15.4%) presented with a GCS of 8 or lower, 100 patients required intubation for reasons other than surgery purposes. This can be explained by multiple factors. Combativeness is a major indication for intubation in trauma patients as reported by Sise et al, who reviewed 1000 intubations in the context of trauma. 32 Other reasons include trauma to the chest leading to hypoxia and hypoventilation, airway obstruction, or hemorrhagic shock. 32 In fact, almost three-quarters of our patients had concomitant injuries other than to the head, the most common type being orthopedic injuries. Others have also found a high rate of concomitant injuries in TBI. Leong et al reported that 78% of TBI patients in their cohort had associated extracranial injuries. 33 Leitgeb et al, who studied moderate and severe TBI patients only, reported a rate of associated injuries of 47.5%. 34 A majority of our patients had abnormal findings on CT scan of the head as expected, because only patients with abnormal findings are referred to the neurosurgical team. The patients with a negative CT scan of the head who were seen by the TBI Program team were admitted because of significant TBI symptomatology or concomitant injuries. The most common finding on CT scan was a skull fracture, followed by brain contusions. Kica and Rosenman examined work-related skull fractures in injured Michigan workers. 35 Fractures occurred mostly in the construction and manufacturing industries. A relatively small percentage (14%) of our patients required a surgical intervention, which is lower than the 23.8% (70 cases of 294) reported by Heyer and Franklin. 25 This difference may be due to the significant advances in TBI care and trauma care in general that have occurred over the past 20 years. In Québec alone, since the establishment of a regionalized trauma care system in 1993, a reduction of overall mortality from trauma was observed going from 52% in 1992 through 1993 to 18% by 1997 through 1998. 36 The length of stay in our sample (measured as an average) mirrors that reported by Kim et al, 5 but given its wide range (1-146 days), a better figure is the median estimated at 7 days. This number is closer to the mean of 6.8 days of hospital stay of work-related TBI patients reported by Heyer and Franklin 25 or the 7.5 days found by Salem et al. 37 Prevalence and nature of complications (infections and deep venous thrombosis) were similar to those reported in previous studies. [38] [39] [40] Most patients had a relatively positive clinical evolution. Nevertheless, a death rate of 8.1%, even if lower than in another similar population (11.3%), 5 is still very high.
Our study had limitations. First, there was poor documentation of certain variables in the medical charts. Second, we did not have access to longer term follow-up data, such as functional outcome at 6 and 12 months. Nevertheless, our overall results allow us to identify areas for improvement in safety and safety culture. The first target should be to reduce the incidence of work-related falls. Different measures have been proposed by Konda et al, 7 including safer work environment (e.g. railing, better lightning, even floors) and workers' behavioral changes (e.g. physical fitness, vision check-up). One measure that could lead to more protection during a fall and from falling objects is the wearing of a helmet; unfortunately, we could not document that observation adequately, but we suggest it should be a primary variable to collect. Finally, our study has also confirmed that the most common industry in which work-related TBI occur is the construction industry, as indicated by Konda et al. 11 We agree with Janicak 10 that this industry should therefore be specifically targeted by measures to reduce work-related TBI.
